Purification and Properties of a Virus Causing Mosaic Disease on Radish Raphanus sativus L. by Tripathi, Rajesh
PURIFICATION AND PROPERTIES OF A 
VIRUS CAUSING MOSAIC DISEASE ON 
RADISH Raphanus sativus L. 
DISSERTATION 
submitted in partial fulfilment of the requirements 
for the award of the degree of 
jterttr of $InlQ£opl)p 
IN 
BOTANY 
BY 
MISS RAJESH TRIPATHI 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH 
1995 
*~4 C©' 
« * * 
DS2782 
2 4 AUG 1938 
CKE C i£EB-2002l 
QAMAR A. NAQVI 
M . S c , P h . D . , F . P . S . I . 
CIES, P a r i s , France 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH-202 002 . INDIA 
CERTIFICATE 
Dated: 3#-0*'lP95 
This is to certify that the dissertation entitled 
"Purification and Properties of a virus causing mosaic 
disease on radish (Raphanus sativus) "submitted by 
MISS RAJESH TRIPATHI to the ALIGARH MUSLIM UNIVERSITY in 
partial fulfilment of the requirements for the degree of 
MASTER OF PHILOSOPHY IN BOTANY (PLANT PATHOLOGY), is a 
faithful record of the work carried out by her under my 
supervision and guidance. 
AQVI ) 
ACKNOWLEDGEMENT 
At the outset, the author experesses her deep and 
sincere gratitude to Dr. Q.A. Naqvi, Reader, Department of 
Botany, A.M.U., Aligarh for his guidance, encouragement, 
healthy criticism, unyielding moral support and sympathetic 
attitude during the preparation of this manuscript. 
The author is also grateful to Prof. Wazahat Husain, 
Chairman, Department of Botany, A.M.U.f Aligarh for his 
assistance and cooperation which enabled her to complete 
this task. 
It is a distinct pleasure for the author to acknowledge 
and record heart felt gratitude to all her friends and well 
wishers for the constant inspiration and moral support. 
( MI&J RAJESH TRIPATHI ) 
CONTENTS 
CHAPTERS PAGE no. 
1 . INTRODUCTION 0 1 - 0 3 
2 . REVIEW OF LITERATURE 0 4 - 1 6 
3 . PLAN.OF WORK AND METHODS 
1. Maintenance of v i rus inoculum 
1.1 Rais ing of p l an t s 17 
1.2 Virus cu l tu re 18 
1.3 Source of inoculum 18 
2 . Method of Inocu la t ion 18 
2.1 Mechanical Transmission 18 
2.2 Host-range S tudies 19 
2 .3 B io log ica l Transmission 20 
2 .3 .1 Insec t Transmission 20 
2 .3 .1a Transmission by Aphids 20 - 22 
2 . 3 . 2 Transmission by Whi te f l i es 22 - 23 
2 . 3 . 3 Graft Transmission 23 
2 .3 .4 Transmission by Dodder 23 
2 . 3 . 5 Soi l Transmission 24 
2 .3 .5a Fungal Vector 24 - 25 
2 .3 .5b Nematode Vector 25 - 26 
2 .3 .6 Seed Transmission 26 
2.4 Effect of var ious buffers on the 
i n f e c t i v i t y 27 
2 .5 Virus concen t ra t ion in d i f f e r e n t 
p a r t s of the p lan t 27 
2.6 Se lec t ion of a s u i t a b l e propagation 
host and an assay host 28 
CHAPTERS 
2.7 Concentration of the virus in host 
2.8 Biophysical properties 
2.8.1 Dilution End-point 
2.8.2 Longevity in vitro 
2.8.3 Thermal inactivation point 
2.9 Effect of various additives on 
virus infectivity 
2.10 Purification 
2.10.1 Clarification of sap 
2.10.2 Concentration of the virus 
3. Further purification by density 
gradient centrifugation 
4 . U-V Spectrophotometry 
5 . Elect ron Microscopy 
5.1 Leaf-dip method 
5.2 Procedure with pur i f i ed v i ru s 
p repa ra t ions 
6. Serology 
6.1 ELISA-test 
6.2 Raising of Antisera 
6.3 Ouchterlony double diffusion test 
6.4 Precipitin test in tubes 
7. Isolation of Nucleic acid 
7.1 Infectivity of viral nucleic acid 
7.2 Type of nucleic acid 
8. Studies on proteins of the virions 
4. REFERENCES 45 - 50 
PAGE 
28 -
29 
29 
29 -
30 -
31 
31 
31 -
33 -
35 -
36 -
37 
3 7 
37 -
38 
38 -
39 -
41 
41 -
42 -
43 
43 
44 
No. 
2 9 
30 
31 
33 
35 
36 
3? 
38 
39 
41 
42 
43 
CHAPTER - 1 
I N T R O D U C T I O N 
INTRODUCTION 
Raphanus is a small genus of annual to perennial herbs 
distributed chiefly in the Mediterranean region. One species, 
R. sativus (Radish) is cultivated throughout the world for its 
roots which are used as vegetable. 
£• sativus exhibits a wide range of forms with regard 
to size, shape and colour of the roots. All the species of 
Raphanus including R. sativus have 2n=18 chromosomes. The 
commercial types of radish are said to be largely self-
incompatible. The indigenous types usually cultivated are 
white with a conical shape attaining 25-40 cm in length and are 
more pungent than the introduced European types. Amongst the 
later, there are red, purple or scarlet types. A type cultivated 
in an around Jaunpur in Uttar Pradesh and known as Newari or 
Jaunpuri mooli reaches an enormous size with a length of up+o 
75-90 cm and a width of 50-60 cm. and may weigh upto 5-15 kg or 
even more. Baramasi is another indigenous type that can be growr 
through out the year. Pusa desi white is an improved indigenous 
type. Japanese white, 40 days, China Rose, Chinese Pink and 
Miyashige are some of the introduced Asiatic types, while Frencf 
Breakfast, Purple Top White, Scarlet Globe, White Icicle, Rapid 
Red Round, Wood,1 s Long Frame and Pariser are some of the 
introduced European types. 
The radish is cultivated in all parts of the country and 
is a cool season crop, though there are said to be some indigene 
types that can be grown throughout the year. There are certain 
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regions in the country, for example, South India, where radish 
is cultivated all round the year. The main season for sowing in 
the northern plains for indigenous types is from August to 
January. 
Radish is subject to very few diseases and pests in this 
country. Root rot caused by Pythium aphanidermaturn Futzpatrick is 
reported to attack seedlings. The cabbage black ring spot virus 
belonging to turnip virus I group is reported from Uttar Pradesh. 
Aphis qossypiae (Glover), Myzus dersicae (Sulz.) and Brevicoryne 
brassicae Linn, are reported to be the vectors. The mustard saw-
fly, Athalia proxinia. which is a pest of the nurseries of 
cruciferous plants is said to cause severe damage sometimes. 
The radish comes to harvest within 30-50 days of sowing and 
should be pulled out when the root reaches edible size and is 
still tender and crisp. 
The radish is eaten raw as salad or cooked as vegetable; 
it is much relished for its pungent flavour and is considered as 
appetizer. The leaves are also boiled and eaten. 
Radish is credited with refreshing and depurative properties 
Radish preparations are useful in liver and gall bladder troubles. 
In homoeopathy they are used as neuralgic headaches, sleeplessness 
and chronic diarrhoea. Roots, leaves, flowers and pods are active 
against Gram-positive bacteria. The roots are said to be useful 
in urinary complaints, piles and in gastrodynia. A salt extracted 
from roots dried and burnt to white ash, is said to be used in 
stomach troubles. The juice of fresh leaves is used as diuretic 
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and laxative. The seeds are said to be peptic, expectorant, diureti 
and carminative. 
Radish is a good source of ascorbic acid and supplies a 
variety of mineral salts. 
The characteristic pungent flavour of radish has been 
attributed to the presence of volatile isothiocyanates (mustard 
oils). 
Leafy tops of radish are highly nutritious,being a good 
source of vitamins and minerals. These are the richest source of 
vitamin A among the leafy vegetables. The leaves of radish are 
a good source for the extraction of protein on a commercial scale. 
Radish seeds contain mustard oil, sulphoraphene exhibits 
antibacterial activity against Streptococcus, Pyococcus, 
Pneumococcus and Escherichia coli. The seed cake is rich in 
proteins and appears to be suitable for use as manure. 
As is evident from the foregoing description, radish is 
used as food and medicine. Any abnormality or defficiency in the 
same would greatly affect its value as a vegetable food. From 
the commercial point of view.the disease also reduces its market 
value. Thus, the mosaic disease of radish is a menace for the 
consumer as well as the farmer. 
The virus causing the disease should, therefore, be 
thoroughly investigated. As such, properties of the incitant and 
its mode of transmission should be known so that effective 
measures against the spread of the disease could be taken. 
CHAPTER- 2 
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In San Francisco, Bay Section of California, USA, 
Tompkins (1939) found the occurrence of a mosaic disease of 
radish. Irregular shaped chlorotic lesions were developed on 
diseased leaves and later on they developed into a coarse mottle 
on older infected plants. The normal dark green tissues appeared 
as irregular shaped non-radsed islands on a yellowish green 
chlorotic back ground. The virus was readily transmitted mecha-
nically to Chinese cabbage, sprouting broccoli, cauliflower, kohl-
rabi, black and white mustard,Chinese radish, lambs-quarterst 
sowbane, spinach, rockek larkspur, N. qlutinosa. N. lanqydorfii. 
N. tabac&m var. Turkish and white Burley in addition to several 
cruciferous weeds. The virus remained infective for 14 days at 
22°C and it lost its infectivity by heating at 68°C for 10 min. 
The virus retained infectivity to a dilution of 1:14000. Aphids 
(Brevicoryne brassicae. Lipaphis pseudobrassicae and Myzus 
persicae) failed to transmit this virus. 
Severin and Tompkins (1950) studied the transmission of 
radish mosaic virus by aphids. The virus was transmitted in a 
non-persistent mannner by Brevicoryne brassicae. Rhopaloslphum 
pseudobrassicae, Myzus ornatus, M. persicae. Aphis apii. 
A. qossypii. A. rumicis. A. ferruqinea-striata. Cavariella 
aeqopodii. Macrosiphum pisi. M. solani and Myzus circumflexus• 
Percentage of transmission with the aphids given pre-acquisition 
starving was higher than with unstarved aphids. The aphids 
remained infective for three hours after the feeding commenced. 
Kasai (1950) reported the transmission of mosaic disease of 
Japanese radish by single aphid (M. persicae) feeding for 
0 
5 minutes on diseased plant and for the same period on healthy 
plants. Pre-acquisition starving of one hour greatly enhanced the 
efficiency of the vector. The aphids retained infectivity for 
three hours but not for five hours. 
Takahashl (1952) reported the occurrence of rod shaped 
particles 105-120 x 25 nm in extracts of white Icicle radish, 
tendergreen mustard and shogoin turnip, infected by radish 
mosaic virus. 
Raychaudhuri and Pathanian (1955) described a mosaic 
disease of radish, which was first observed at the I.A.R.I., 
New Delhi, in 1951. The disease was accompanied by necrosis and 
stunting. The virus infected the plants of family cruciferae 
only. The symptoms consisted of mosaic mottling on young leaves 
often associated with circular interveinal chlorotic areas which 
generally increased in size and finally coalesced to form 
irregular chlorotic patches. The affected plants had reduced 
leaves and were stunted. The virus survived at 85°C but not at 
90°C, at a dilution of 1:10,000,000 and for 17 days at 17-22°C 
and 101 days at 6-8°C. Seed transmission was absent. 
Horton (1956) made a comparative study of radish mosaic 
viruses, viz. RMV-1 and 5 other radish mosaic isolates, RVIV-2-6 
with known strains of cauliflower mosaic virus (CBV) and turnip 
mosaic virus (CAV and CBRV) on a number of hosts at constant air 
temperatures of 16°C and 28°C. RMV-1 and 3 produced persistent 
vein clearing and yellow vein-banding on radish. All were 
transmissible by Myzus persicae and Brevicoryne brassicae. 
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Shiraharna (1957) reported that radish mosaic disease caused 
30-40^ reduction in yield of radish in Tokyo, Japan. Infection 
occurred in the seedling stage, symptoms being masked by low 
temperature in autumn. Radish mosaic virus was neither seed 
borne nor soil borne, and was usually transmitted by Myzus 
persicae. Rhopalosiphum pseudobrassicae. Insecticidal sprays 
and mixed culture of radish with rice were suggested as control 
measures for disease. 
Radish mosaic disease (Shiraharna, 1957) was believed to be 
associated with cucumber mosaic virus infection. The purified virus 
preparation when examined under electron microscope revealed the 
presence of rod-shaped particles of approximately 12 -13 x 650-
700 m u. 
Chenulu (1959) studied turnip mosaic virus isolated from 
horse radish at Univ. of Illinois, U.S.A. Chenopodium amaranticolor 
was found to be the most suitable host for assaying the virus. 
Duffus (1960) reported a yellows disease of radish named 
radish yellows. The disease was characterized by yellowing of 
the foliage. Species infected with the radish yellows virus 
showed, interveinal yellowing of the lower and intermediate 
leaves. Radish yellows was incited by a persistent aphid-
transmitted virus. Aphis helichrysi . iVlacrosiphum dirhodum. 
M* qranarium and Myzus persicae were the vectors of the virus. 
Yamaguchi (1960) studied the viruses producing mosaic in 
radish, in Central Region of Japan, Cucumber Mosaic Virus (CMV) 
UI/U'lfcH-^ 
REVIEW OF LITERATURE 
A mosaic disease of radish was described as early as 
1924 by Kulkarni from Poona, India. During the early stage of 
infection the disease caused mottling on leaves, stem and pods. 
Later on, the symptoms consisted of blanching, blistering, 
distortion of leaves and the pods, checking of flower and fruit 
formation and stunting of the plants. 
Ogilvie (1928) reported a mosaic disease on wild and garden 
radishes Raphanus raphanistrum and R. sativus respectively from 
Bermuda. The disease cause distortion of the leaves, often with 
the production of blister like areas. 
I>ana and Mc Whorter (1932) recorded a mosaic disease of 
horse radish from Washington. The disease was transmitted to 
turnip and mustard where it produced a mosaic similar to horse 
radish. The plants became dwarfed and many died within a short 
time. At digging time the plants were dwarfed and yellowed. 
Roots averaged small, had rough, scaly surfaces and were unsalable 
because of pithy textures and frequent dark streaks. Root cuttings 
of diseased radishes were potted and forced at different tempera-
tures. The young leaves . exhibited a prominent mosaic like 
mottle, characterised by interveinal pale green areas, inter-
spersed with dark green. Old leaves developed black elongated 
lesions in the epidermis and outer cortex of the petioles. The 
foliage was more or less stunted and leaf blades were strikingly 
segmented in a fern like manner. 
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was identified in 13 of the 20 collections while radish mosaic 
virus was isolated from one collection which also contained CMV. 
A comparative study of several radish viruses in parallel 
experiments with known turnip mosaic virus and cauliflower mosaic 
virus group was done in an attempt by Horton _et aj^. (1961) to 
elucidate the relationship of radish mosaic virus to these groups. 
Kou (1961) described a mosaic disease of radish from 
Taiwan. The symptoms included a systemic vein clearing and general 
mottling. The virus was inoculated mechanically to radish, Chinese 
cabbage, Chinese mustard, swede, turnip, white-Burley and Turkish 
tobacco, Nicotiana qlutinosa and N_. rustica. In greenhouse it was 
also transmitted by Brevicoryne brassicae. Myzus persicae and 
Rhopalosiphum pseudobrassicae. but not by seeds. Longevity was 
between 48 and 72 hrs. at 20-22°C, thermal inactivation point was 
at 55°C for 10 minutes and dilution end point was 1:3000-4000. 
Joshi (1962) studied a mosaic disease of radish which 
produced symptomless, local infection on N_. qlutinosa and 
N. rustica. Infected seed beds of stock (Matthlola incana) candy 
tuft (Iberis sp.) and sweet rocket (Sisymbryium sp.) were the 
reservoir hosts. The virus was transmitted by Aphis qossypil and 
M. persicae in a non-persistant manner but not by seeds and was 
identified as a strain of cabbage black ring spot virus. 
Joshi and Bhargava (1963) recorded the natural occurrence of 
cabbage black ring spot virus on Brassica juncea and Lepidium 
ruderale (a perennial weed in parts of Kumaon district) besides 
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radish. Removal and destruction of this weed (L. ruderale) and 
self sown seedlings of cultivated crucifers (which harbour the 
virus during unfavourable periods) were recommended as control 
measures. Campbell (1964) isolated a virus from turnip in 
California and proposed the name, radish mosaic virus (RaMV) 
because of the similarities to the radish mosaic virus of 
Tompkins (1939) in host range, host reaction, physical properties 
and apparent lack of aphid transmission. This RaMV was serological 
related to bean pod mottle virus, Arkansas, cowpea mosaic virus 
and squash mosa*ic virus and it had polyhedral., particles, 30 nm 
in diameter. No serological reaction was detected when RaMV was 
tested against antisera to 11 other viruses including turnip 
yellow mosaic virus and turnip crinkle virus. 
Li and Cheo (1964) recorded mixed infection on radish. The 
viruses identified were two strains of turnip mosaic virus, two 
strains of cucumber mosaic virus and a virus causing ring spot 
on Nicotiana qlutinosa. Of 68 isolates, 20 from 10 field specimens 
were found to be mixed. The two strains of cucumber mosaic virus 
and the ring spot virus were not transmissible by sap or My2us 
persicae to peking cabbage, radish or Chinese rape while 
cucumber mosaic virus strains and the ring spot virus were 
infective to radish only when inoculated simultaneously. 
Campbell and Cold (1967) studied the transmission of RaMV 
and found it to be inefficiently transmitted by Phyllotreta sp. 
and Diabrotica indecimpunctata. 
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Tochihara (1968) reported enation mosaic virus from Japan. 
Symptoms developed were enation mosaic, necrosis and distortion 
of the leaves. While turnip developed necrotic local lesions and 
systemic mosaic, necrotic local lesions were produced on 
Chenopodium amaranticolor. Petunia was a symptom less carrier. 
The virus showed some similarities with radish mosaic virus but 
differed in its symptoms on radish and lack of infectivity to 
tobacco. 
Stefanac £t a_l. (1971) reported the occurrence of a strain 
of radish mosaic virus on turnip from Yugoslavia. Yugoslavian 
isolates resembled the type strain in host range, symptoms, 
physical properties, particle morphology and transmission by 
Phyllotreta undulata. It was serologically related to the type 
strain but did not infect radish and was designated as European 
strain. Characteristic inclusion bodies were seen in the cytoplasm 
of infected turnip and some cruciferous spp. 
Honda and Matsui (1972) saw the masses of radish mosaic 
virus particles on the interface between cytoplasm and vacuole 
or in the vacuole under electron microscope. Within tonoplast 
the virus particles were aligned on multirows. The virus particles 
were also seen in plasraodesmata across the cell wall. 
Hooper et al. (1972) reported the development of enation at 
the flowering time on the under surface of leaves in Chinese white 
winter radish plants infected with RaMV. Virus like particles > 
24-26 nm in diameter were present in chlorotic tissues or near 
necrotic spots in enation or other areas of leaves. 
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Mamula et. a_l. (1972) reported the radish mosaic virus for 
the first time on turnip from Hungary. Swede, cauliflower, 
Brussels sprouts and Sinapsis arvensis were recorded as natural 
hosts in Yugoslavia. The isolates from the two countries were 
serologically similar. 
" Shukla and Schmelzer (1973) studied the occurrence of 
turnip yellow mosaic virus and radish mosaic virus in German 
Democratic Republic. Thirteen ornamentals and wild crucifers were 
found as spontaneous hosts of turnip yellow mosaic virus and three 
Erysimum sp. for radish mosaic virus. The two isolates differed 
from foreign strains and also from one another. 
i ^  Horvath ejt _a_l. (1973) described Cramb'e abyssinica as a 
differential host for the screening of turnip mosaic virus and 
radish mosaic virus, Y65 and H4 strains of turnip yellow mosaic 
virus induced bright yellow mosaic on uninoculated leaves and 
axillary shoots. This intensified and grey-brown irregular islands 
developed on this plant while HZ and H7 strains of radish mosaic 
induced fine vein clearing and vein necrosis on non-inoculated 
leaves and reduced inflorescence, leaf size and plant growth. 
Jurectic and Fulton (1974) purified the HZ strain of radish 
mosaic virus using 0.03M Na„B407 at pH 6. The virus was separated 
into 4, 3 or 2 zones in sucrose density gradient centrifugation. 
Of 4 particles types (Ta,T, M and B from top to bottom) only B 
was infectious. The size of B particles was 28 nm and of others 
it was 23 nm. 
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Shukla and Schmelzer (1974) purified the GDR strains of 
radish mosaic virus and compared it with an American and a 
Yugoslavian isolate. The three isolates were found to be distinct 
strains. 
The serological and other relationships among the isolates 
of radish mosaic virus were studied by Plakolli and Stefanae 
(1976). The isolates belonged to either the neotype strain 
reported for the first time from California (RAM 44JI809) or the 
European strain described from Yugoslavia (RPP 51,2954). The 
Japanese isolate from radish (RAM 47,2309) may be added to the 
neotype strain and European isolates B (RPP 53,309) Kv (RPP 53,453), 
DT4 (RPP 53,404) and S (RPP 54,262) to the typical European strain. 
A mosaic disease of garden radish was described by Schmelzer 
(1976) from E. Germany. Cauliflower mosaic virus was isolated from 
diseased plants. 
Joshi (1977) studied the natural occurrence of turnip mosaic 
virus on radish in Kumaon district from India. He showed that 
Aphis qossypii played a very important role in the epidemiology 
of this virus. Myzus perslcae, Lipaphis erysinii. Aphis qossypii 
and A. craccivora transmitted the virus in the radish fields. 
Sakai and Kono (1978) reported the occurrence of turnip 
mosaic virus in weeds around radish fields serving as important 
source of inoculum for radish crops. Among the naturally infected 
weeds the virus was isolated from Cerastium qlomeratum and in this 
weed TuMV was found to overwinter. 
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Horvath (1979) separated 22 viruses with the use of 
differential hosts. He showed that Tinantla erecta was susceptible 
to TuMV and resistant to both radish mosaic virus and turnip 
/ellow mosaic virus and Nicotiana occldentalis. Tetraqonia 
crystallnia. and J. echinata were susceptible to RaMV and turnip 
mosaic virus and were important in the identification of the 
three viruses. 
Natsuaki jet aj.. (1980) described radish yellow edge virus 
(RYEy) in young seedlings of Japanese radish. RYEV was transmitted 
through seeds. RYEV infected seedlings showed mild symptoms of 
yellow edge and dwarfing in lower leaves. The purified ;preparatio 
showed on UV absorption spectrum characteristic of a nucleoprotein 
The sedimentation constant was 118S. Inclusion bodies containing 
RYEV particles were observed in the cytoplasm and phloem paren-
chyma cells. RYEV particles were 30 nm in diameter. RYEV was 
detected in apparently healthy seedlings from seeds of carrot, 
spinach, leaf beet (Beta vulgaris var. cicla) and table beet 
(B_. vulgaris var. esculenta cv. Detroit Dark Red). 
Ahlawat and Chenulu (1982) studied the virus vector 
relationship between radish mosaic virus and the aphid Lipaphis 
erysinii (Kalt). They found maximum efficiency after one hour 
starvation. The optimum acquisition and transmission access 
periods were two minutes and one hour respectively. There was 
increase in transmission with the increase in number of villi-
ferous aphids per plants. The virus was of non circulative/non-
persistant type. 
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Upadhyaya and Shukla (1987) reported that radish mosaic 
virus caused a significant reduction in chlorophyll content of 
radish. Chlorophyll content increased in both healthy and diseased 
leaf samples aged 10-50 d but the diseased samples always had 
less chlorophyll. Maximum decrease was at 30 d when the symptoms 
on leaves were more severe and concentration of the virus the 
greatest. The decrease in chlorophyll was correlated with an 
increase in peroxidase activity. 
Shtein and Sapotskii (1988) reported that isometric virions 
of 28 nm diamter were observed in leaf and root cells of Chinese 
white winter radish infected with Radish mosaic virus. The 
cytoplasm and vacuoles of the leaf chlorenchymal and epidermal 
cells and sometimes cells of the vascular bundles were found to 
contain aggregates and crystals of Radish mosaic virus virions. 
This is the first time Radish mosaic virus has been detected in 
radish roots. 
Dekhkanova and Vakhabov (1989) reported the artificial 
inoculation of the radish cultivar Malskii with turnip mosaic 
potyvirus at various plant growth stages decreased yield dry 
matter content and total sugars but did not affect ascorbic acid 
levels. 
Horvath and Juretic (1989) studied based on symptomatology, 
serology, cytological examination and back inoculation to 
indicator plants, Pak-choy (Chinese cabbage) cv. Japro R.S. 2701 
was found to be susceptible to artificial infection with 
cauliflower mosaic, erysimum latent, radish mosaic and Turnip 
mosaic viruses and resistant to cucumber mosaic virus. 
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Rao £t aj.. (1989) studied that carbohydrate content was 
less and protein content more in plants infected with radish 
mosaic comovirus than in healthy plants. Contents of.both were 
similar in plants treated with an inhibitor (extract of coralloid 
roots of Cycas revoluta. applied 24 hour before RaMV inoculation) 
and in healthy plants. 
Sapotskii and Drygin (1990) reported that at the 3' end of 
Portions M and B of the RNA of a Far Eastern isolate of radish 
mosaic comovirus there are Poly (A) sequences of variable length, 
av, 40 nucleotides for M RNA and 50 for B RNA, while the £>'-
terminal nucleotide of this RNA, connected by a phosphodiester 
bond to the serine residue of the VPg protein is uridylic acid. 
The products of expression of the RaMV genome in extracts of 
ascites carcinoma, were similar in electro-phoretic mobility to 
the polypeptides encoded by cowpea mosaic comovirus. Consequently, 
in structural and functional characteristics of the genome, the 
isolate is a typical representative of the comovirus group. 
Soliman in 1991 studied that the catalase activity was greater 
in crude sap of healthy squash seeds than in sap from tissue 
infected by squash mosaic comovirus. Activity was also reduced in 
material infected by radish mosaic comovirus during the first 
30 rain, after the begining of the reaction but increased in plants 
infected by cucumber mosaic cucumovirus. 
Foddoi .e_t a_l. (1991) reported a filamentous virus isolated 
from cultivated radish (Raphar».us sativus) and wild radish R. 
raphanistrum) plants showing mosaic leaf marbung and flower 
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breaking. It was identified as turnip mosaic potyvirus (TuMV) 
common strain through host range length of particles (720-730) 
and serology. This is the first report of a virus disease of 
radish in Italy. 
Cugusi e_t a.1. (1992) isolated an isometric virus from 
Radish and wild radish (Raphanus raphanistrum) plants showing 
a yellow mosaic in Sardinia. It was identified as TyMV on the 
basis of symptomatological responses of some indicator plants, 
E,M. and serological tests. This is the 1st report of TyMV 
infection of Radish. 
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CHAPTER-J 
PLAN OF WORK AND METHODS 
1. Maintenance of virus inoculum 
1.1 Raising of plants -
For all purposes, plants will be grown in clay pots of 
4 and 6" diameter, filled with a mixture of soil, sand and 
compost in a ratio of 2:1:1. The soil mixture will be steam 
sterilized by autoclaving for one hour at a pressure of 20 lb 
per square inch. Pots will be sterilized by rinsing with 4 
per cent formalin solution and prepared by filling with 
sterilized soil mixture autoclaved 24 hours earlier and 
sieved before use. 
Seedlings will be raised in formalin sterilized wooden 
trays (18" x 18" x 5") containing sterilized soil mixture. 
Radish (Raphanus sativus L.) plants and other plants 
belonging to family brassicaceae will be raised singly by 
direct sowing in clay pots. Young seedlings of uniform size 
will be transplanted singly to 6" and 4" pots containing 
the autoclaved soil, sand and compost mixture. 
For inoculations, the plants will be used two weeks 
after transplantation. All the plants will be raised and 
kept in an insect proof glass house (20-30 C, normal day 
length) and given a uniform care with respect to fetilizer, 
water and other requirements. 
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1.2 Virus culture -
Virus culture will be obtained from naturally infected 
plants showing symptoms of virus infection and maintained on 
suitable propagation host by mechanical (sap) inoculations. 
Single lesion inoculations will be attempted to assure a 
pure virus culture. Virus/es not transmitted mechanically will 
be knowingly omitted and only mechanically transmitted virus/es 
will be taken for investigations. Once the culture of the 
virus/es has been maintained on a suitable propagation host, 
it will be kept in active state by fresh inoculations at 
regular intervals on young propagation host. 
1.3 Source of inoculum -
Young leaves from infected propagation host plants will 
be used as source of inoculum. Inoculum will be prepared by 
macerating them in a mortar with pestle in 0.1M phosphate 
buffer pH 7.0. For each gram of leaf material 1 ml of buffer 
will be used. The macerate will be filtered through two layers 
of cheese cloth. The sap thus obtained will be used as 
standard inoculum. 
2. Method of Inoculation -
2.1 Mechanical Transmission 
The fully expanded leaves of a plant, to be tested for 
susceptibility to the virus will be inoculated by gently but 
firmly applying the standard inoculum with the help of 
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forefinger on the upper surface of the leaves predusted 
uniformly with carborundum 500 mesh. The inoculated leaves 
will be rinsed by a gentle stream of water before the 
inoculum on the surface of the leaves dries up. This method 
will be used as an usual method of inoculation throughout the 
course of investigation. Additive in the inoculum will 
include sodium sulfite, 2 mercapto-ethanol, ethylene diamin-s-
tetraacetic acid, sodium diethyldithio carbamate and thio-
glycolic acid either alone or in various possible combinations 
if needed. 
2.2 Host-range Studies - < , 
Several species of plants, belonging to different 
families will be screened for the susceptibility of the virus 
under investigation. Standard inoculum will be used for 
inoculation of all plants. At a time at least three plants 
of a species or cultivar will be inoculated and the same 
number will be kept as control. Plants at 5-6 leaf stage will 
be used and all the fully expanded leaves will be inoculated. 
The inoculated plants will be observed daily for the develop-
ment of symptoms.. Time, sequence and the severity of the 
symptoms will be noted. Inoculated plants will be kept under 
observation for at least six weeks. Those inoculated plants 
not exhibiting any symptoms will be observed for 8 weeks. 
Back inoculations to a test plant will be made from all the 
inoculated plants. 
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2.3 Biological Transmission -
Attempts will be made to find out the voctor of virus 
in the field. Experimental transmission using aphids, 
nematode and dodder (Cuscuta spp.) will be studied. Seed 
transmission and graft transmission will also be studied. 
2.3.1 Insect transmission -
a) Transmission by aphids -
Adult aphids found transmitting the disease during 
preliminary investigations will be used to study aphid-
virus relationship (non-persistent, persistent or semi-
persistent) . 
b) Raising of virus free aphids -
Viviparous adults will be starved for 2, 4, 6 & 8 
hours at room temperature in a petridish and then placed 
upon a detached leaf of an appropriate healthy host in a 
petridish. The atmosphere inside the petridish will be 
made humid by covering the inner surface of the petridish 
with wet filter paper. Newly bom nymphs will be transferred 
to a fresh and healthy plant immune to the virus under 
investigation. The aphid colonies thus developed will be 
used as healthy colonies of the virus free aphids. The 
aphids from one plant to other will be transferred with 
the help of moistened tip of camel's hair brush type A, 
No. 1 . 
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c) Mode of Transmission -
To establish the mode of transmission following 
procedure will be adopted: 
i) Non-persistant -
Virus free aphids will be first starved for 4-8 hours 
in a glass vial before an acquisition access feeding of 
1-2 min on the detached leaf of the diseased plant placed 
on moist filter paper in a petridish. After acquisition 
feeding, 10-20 aphids will be transferred to each healthy 
seedlings of test plants for an inoculation feeding period 
of 24 h. The plants will be covered with lantern chimney 
having its top covered with muslin cloth to avoid aphids from 
escaping. The aphids, after the end of the Inoculation 
feeding will be killed by spraying an insecticide. The test 
plants will be kept in insect proof glass house to observe 
the development of symptoms. 
Summary 
1. Pre-acquisi t ion s tarvat ion period 4-8 hours 
2. Acquisition access period 1-2 minutes 
3 . Inoculation access period 24 hours 
4. Number of aphids per plant 10-20 
ii) Persistant -
1. Acquisition access period —-— 24 hours 
2. Inoculation access period 48 hours 
3. No. of aphids per plant 10 
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The virus-free aphids, without subjectinq tlmm to 
starvation wiil be allowed 24 h acquisition feeding time on 
diseased leaves placed on a moist filter paper in a petridish. 
After the completion of acquisition feeding, 10 aphids will be 
transferred to each test plant where they will be given an 
inoculation feeding time of 48 h. After the inoculation feeding 
period, aphids will be killed by spraying an insecticide. The 
test plants will be kept in an insect proof glasshouse to 
observe the development of symptoms. Back inoculations from the 
plants on which aphids were given inoculation feedings will be 
made an appropriate diagnostic host. 
2,3.2 Transmission by white flies -
a) Source of virus free white flies -
White flies (Bemisla tabaci Genn.) collected from 
Clitoria turnatea will be caged on a healthy plant of 
£• turnatea for egg laying. After 8-10 days the adults will be 
removed from the cage. New white fly adults developing after 
8-10 days would be further multiplied. Insect colonies so 
raised will be virus free and would be further multiplied. 
The raised colonies of insects will be virus free and would 
be used for transmission studies. 
b) T ransmiss ion -
Non-v i ru i i f e rous white f l i e s would be allowed for 
a c q u i s i t i o n and inocu la t ion access per iods of 24 h each on 
diseased and hea l thy p l an t s r e s p e c t i v e l y . Rogor (0.1%) w i l l be 
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sprayed to kill the whiteflies after the end of inoculation 
feeding. The test plants will be kept for a month or 35 days 
for observation of symptoms. 
2.3.3 Graft transmission -
Attempts will be made for side wedge grafting. 
Infected scions will be grafted on healthy stock and kept 
under appropriate light and humidity conditions to allow 
successful union which is necessary for transmission. 
2.3.4 Transmission by Dodder - A ,! , 
Seeds of dodder (Cuscuta spp.) will be germinated on 
moist filter paper placed in petridishes and then transferred 
in 12" clay pots, sterilized with formalin (4%) and containing 
sterilized soil mixture when the plants are about 6" long, 
they will be trained on a suitable host plant susceptible to 
the virus being studied and the host plant (on which the 
dodder is being trained) will be inoculated after one week. 
When the dodder has been established on inoculated plant, 
a healthy test plant in another pot will be placed near the 
pot (having inoculated plant with dodder established on it) 
and the tips of the branches of the dodder will be detached, 
placed in the axil of the healthy test plant and allowed to 
establish there. The plants thus inoculated will be observed 
for the development of symptoms, if any for about 72 days. Back 
inoculation will be made on local lesion host to confirm the 
presence of virus (transmitted by dodder). 
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2.3.5 Soil transmission -
Soil around the naturally infected plants will be 
collected from the field and sieved to remove roots and 
debris etc. Such soil will be divided into two parts. One 
part will be filled in a gunny bag and will be autoclaved 
at 15 lbs/m for 30 minutes and the other part of soil will 
be left unautoclaved and will be filled in pots as such. 
Seeds will be sown in pots containing sterilized and unsteri-
lized soil. Plants of both the sets will be kept for observation 
in an insect proof glass house for a period of two months. 
Back inoculation tests will be carried out to ascertain the 
presence of virus in them. Soil borne vectors may be either 
nematodes or fungi. 
2.3.5 a) Search for fungal vectors -
Roots of naturally infected plants not watered for 
3-4 days will be immersed in double distilled water for 15-30 
min. The suspension will be tested in two ways : 
I. Suspension (roots water) will be poured around the roots 
of healthy test seedlings. Development of symptoms on such 
test plants will indicate that the zoospores carried the 
virus internally. 
II. Fungal suspension obtained as described above will be 
mixed with the standard virus inoculum. The mixture will 
be allowed to incubate for 15-20 minutes and therefore 
poured around the roots of healthy test seedlings. 
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Symptom development,if any^ill indicate the association of 
fungal vector carrying the virus externally on zoospores. 
2.3.5 b) Search for nematode vector 
Nematodes from soil samples usually Lonqid^rus
 t. 
Trichodorus and Xiphlnema known as the vector of some of 
plant viruses will be isolated from the soil samples using 
Cobb's method (Cobb 1918). 
To assure whether the nematode isolated from the soil 
samples carry virus or not, the following tests will be 
performed. 
i) A drop of concentrated nematode suspension on a glass slide 
will be macerated with a glass spatula and inoculated on 
the leaves of local lesion host. 
ii) Nematode suspension will be poured around the roots of 
test' plants. The plants will be kept for the observation of 
the symptoms for about one to two months. 
Similarly varying number of nematodes isolated will 
be poured around the roots of virus infected plants in an 
insect proof glass house inoculated priorly. After an 
acquisition feeding of 15 days, infected plants will be 
uprooted and the healthy ones will be planted in the same 
pots. Plants will be kept for observation of symptoms. Back 
inoculations from all nematode inoculated plants be made 
on a local lesion host. 
Ln case of positive observations the studies will 
extended to identify the specific nematode species acting 
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as vectors and its relationship with the virus under 
investigation. 
Seed Transmission -
Seeds will be collected from the mechanically 
inoculated plants. After drying the seed, they will be sown 
in a wooden tray containing sterilized soil mixture. 
Germinating seeds will be counted. Number of healthy and 
diseased plants, if any, in a tray will be counted. To 
compare their percentage germination, the same number of 
seeds from the healthy plants will also be treated in the 
same way. 
Seed transmissible nature of the viru^ under inves-
tigation will be tested by employing the following methods: 
a) By macerating the seeds from diseased plants in 0.1M 
phosphate buffer pH 7.0, giving the macerate a low speed 
centrifugation and inoculating the sap thus obtained on the 
local lesion host. 
b) By keeping the plants, developed from the seeds collected 
from diseased plants under insect proof glass house for 
about 1 month to observe the development of symptoms. 
c) By inoculating sap obtained from the young seedlings 
developed from seeds collected from diseased plants on 
local lesion host. 
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2.4 Effect of various buffers on the infectivity -
Several buffers at different pH and molarities will be 
tested to work out the most suitable one in which virus 
infectivity is retained most (phosphatet borate, citrate, 
acetate, glycine NaOH and Tris-Hcl buffers will be used). 
Young infected leaves will be macerated in a mortar 
with pestle using any buffer (above mentioned) as extraction 
medium. The sap obtained after passing the homogenate through 
two layers of cheese cloth will be inoculated on to the leaves 
of local lesion host following the usual method of inoculation. 
All the buffers will be tested in the same way, and a buffer 
at a pH and molarity in which virus infectivity is compara-
tively higher will be selected and used regularly as an 
extraction medium for the virus under investigation. 
2.5 Virus concentration in different parts of the plant -
For the determination of the virus concentration in 
different parts of the plant, 10-15 days earlier inoculated 
plants will be uprooted carefully and washed. The plants will 
be blotter dried. Hoot, stem and leaf tissue will be cut 
separately into pieces. Equal amount of root, stem and leaf 
tissue will be macerated separately in mortar and pestle 
using a suitable buffer and each macerated will be filtered 
through 2 layers of cheese cloth. Sap obtained from each 
sample will be inoculated separately on a local lesion host 
using usual method of inoculation. 
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2.6 Selection of a suitable propagation host and an assay host -
To find out a suitable propagation host several plants 
susceptible to the virus being studied and showing prominent 
symptoms will be considered. Amongst thorn a plant showing the 
following characters will be selected. 
A. rapid germination and fast growth; 
B. short incubation period of the virus; 
C. peak concentration of the virus within a short period 
after inoculation; 
D. absence of virus inhibitors, and 
E. more yield of infected tissue with good virus concentration. 
Assay of the virus will be carried on a local lesion 
host. To search out a local lesion host, several plants 
commonly used as a assay host of different viruses, together 
with other available plants will be tested. Among them a 
plant which reacts with discrete local lesions to the virus 
being studied will be selected and used as assay host. 
2.7 Concentration of the virus in host -
Fifty plants of propagation host of the same age and 
size will be selected and their two lower most leaves will 
be inoculated with the virus following the usual method of 
sap inoculation. After every two days, two plants will be 
selected randomly and their young,uninoculated leaves will 
be harvested. These leaves will be homogenized in a mortar 
with pestle in a suitable buffer and the sap thus obtained 
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will be inoculated on to the leaves of local lesion host. 
In this way concentration of the virus in the propagation 
host at different intervals after inoculation will be worked 
out through local lesion assay and the peak period of virus 
concentration will be recorded. 
2.8 Biophysical properties -
To find out the d i l u t i o n end-po in t , thermal i n a c t i v a t i o n 
point and longevi ty _in v i t r o , methods d e t a i l e d by Noordam 
(1973) w i l l be employed. 
2.8.1 Dilution end-point 
Ten fold dilutions (10"\ 10"2, 10~3 10~9) 
will be made of the sap obtained from the young infected 
leaves of the propagation host after grinding them in a 
mortar with pestle by adding suitable buffer. Each sample 
will be inoculated on to the leaves of the local lesion host 
following the usual method of sap inoculation. Ln this way 
the dilution at which virus loses its infectlvity will be 
determined . 
2.8.2 Longevity in vitro 
A. In dried leaves -
The infected young leaves of the propagation host 
will be cut into small pieces and dried over anhydrous 
calcium chloride in a desicator. After every 24 h interval, 
such pieces will be homogenized in a buffer in a mortar 
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with pestle. The sap obtained after passing the hamogenate 
through two layers of cheese cloth will be inoculated on to 
the leaves of local lesion host. This will be continued upto 
the time the virus loses its infectivity in the tissue dried 
over anhydrous calcium chloride. 
B. In sap -
Young infected leaves of the propagation host will be 
homogenized in a mortar with pestle in the presence of a 
suitable buffer. The homogenate will be filtered through two 
layers of cheese cloth and the sap, thus obtained will be 
kept at room temperature. After every 6 h interval, a small 
amount of the sap will be taken and inoculated on the leaves 
of the local lesion host. This will be continued for many 
days. Local lesions developed on the inoculated leaves will be 
counted for each interval and the time after which the virus 
loses its infectivity will be recorded. 
2.8.3 Thermal inactivation point -
The sap obtained by macerating the young infected leaves 
of the propagation host in a suitable buffer in a mortar with 
pestle and filtering through two layers of cheese cloth will 
be divided into 12 aliquots of 5 ml each and kept in glass 
vials. The glass vials will be held in. a water bath in such 
a way that the sap level in the vial is below the water level 
in the bath. The different aliquots will be heated at 40, 45, 
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50 90°C for ten minutes and cooled under running 
tap water, immediately after heating. Each heated aliquots 
will be inoculated on the leaves of a local lesion host. One 
aliquot left at room temperature will also be inoculated. 
2.9 Effect of various additives on virus infectivlty 
There are many additives like sodium sulphite, DIECA, 
EDTA, Sodium thioglycolate and mercaptoethanol which will 
be tested to find out whether their addition to the extraction 
medium results in an increase of virus infectivity. If so, 
the most suitable additive will be selected and routinely 
added to the medium for virus extraction. 
2.10 Purification -
After finding out a sui table buffer, an assay host , a 
propagation host and bio-physical proper t ies wi l l be made to 
purify the virus under inves t igat ion. 
2.10.1 Clarification of sap -
Young infected leaves of the propagation host will be 
macerated in a suitable extraction medium in a mortar with 
pestle. The macerate will be passed through two layers of 
cheese cloth and the sap thus obtained will be given a low 
speed centrifugation at5,000gfor 10 minutes. The supernatant 
will be subjected to various clarification procedures. 
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A. Celite and Charcoal - • ,. &t" 
Celite and activated charcoal will be mixed with sap 
at the rate of 5 g per 100 ml, either separately or in 
combination. When both are to be used, 5 gm of activated 
charcoal will be mixed with 100 ml of sap and after l/2 minute 
stirring 5 g of celite will be added. Shaking will be continued 
for another half minute. The adsorbant will be removed by the 
following method (Steere, 1964). 
i) Centrifugation at 2,000 rpm for 5 minutes or 
ii) Filtration through Buchner funnel supported by a 2-3 mm 
thick celite pad and Whatman filter paper No. 1 or 
iii) Filtration through a filter paper (Whatman No. 1) only in 
a Buchner funnel. 
B. Organic solvents -
Various solvents like butanol, chloroform,ethyl alcohol, 
carbon tetrachloride and diethyl ether will be used either 
separately or in combination such as (chloroform butanol) will 
be used in two ways for the removal of the extraneous plant 
material from the infected tissue. 
a) By macerating the tissue along with a mixture of suitable 
buffer and organic solvents, or 
b) By adding requisite amount of solvent in crude sap obtained 
after macerating the infected tissue in buffer and filtering 
through two layers of cheese cloth. 
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The mixture will be incubated for 30 minutes and then 
centrifuged at 5000 g for 15 minutes. The aqueous layer will 
be separated. The effect of solvent on the virus infectivity 
will be tested by assaying the aqueous layer for active virus 
content on a local lesion host. 
c) Calcium phosphate gel -
Calcium phosphate gel will be prepared by mixing 0.1M 
sodium dibasic hydrogen phosphate (Na2HP04.2H20) and 0.1M 
calcium chloride (CaCl2) in equal volume. The mixture after 
continuous stirring for 15 minutes will be allowed to settle. 
The supernatant will be decanted. To the remaining precipitate 
double distilled water will be added and the resuspended 
precipitate will again be allowed to settle down. In this way 
precipitate (gel) will be washed 15-20 times to assure the 
removal of chloride ions (Cl~). Finally it will be equilibrated 
with phosphate buffer (0.1M, pH 7.0). Such freshly prepared 
gel will be mixed with sap obtained after low speed (5000 g 
for 10 minutes) centrifugation of the crude sap, stirred 
vigrously and centrifuged for 5 minutes at 5,000 g. The clear 
supernatant will be assayed for virus activity on local lesion 
host. 
Out of the clarification methods mentioned above, one 
will be standardized and used as clarification method in the 
purification of the virus under investigation. 
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2.10.2 Concentration of the virus -
The sap obtained after clarification treatment as 
described above will be used for concentration of virus by 
any of the following methods. 
A. Differential Centrifuqation : 
The ultracentrifugation will be worked out in 
model L3-50 Backman preparative Ultracentrifuge using 
rotor type-50. Normally, high speed centrifugation will 
be done at 97,000 g unless otherwise stated. The pellet, 
thus obtained will be dissolved in a suitable buffer. 
Low speed centrifugation will be performed at 10,000 g in ; 
Remi T-24 centrifuge or anyother same type of centrifuge. 
The number of cycles and the time of centrifugation at 
different rpm will be carried out keeping in view the 
stability of the virus and its sedimentation. Activity of 
different samples in supernatant and the pellet will be 
assayed on local lesion host. 
B. Precipitation : 
i)Polv ethylene glycol (PEG) : 
Poly ethylene glycol 6,000 will be used for 
precipitating the virus in clarified sap. Precipitation 
of the virus will be tried with 2, 4, 6, 8, 10 and 12 
percent PEG separately. In every case, the variation 
in salt (NaCl) concentration and its impact on precipi-
35 
tation of the virus will be standardized. After the 
addition of requisite quantity of PEG and MaCl to the 
clarified sap, the mixture will be stirred on q magnetic 
stirrer till both (PEG and NaCl) are dissolved completely 
and kept in a refrigerator at 4° to 8°C for 6 hrs to allow 
complete precipitation. 
ii) Ammonium Sulphate : 
Different quantities (10-4Q&) of ammonium sulphate 
(NH4)2 S04 (W/V) will be added to clarified sap (1/1). 
The mixture will be stirred at 8+2^ in an ice bucket till 
the (NH4)2 SO* crystals are dissolved completely. The 
mixture will then be incubated at 4+1°C for 2 hrs. and 
centrifuged at 5,000 g for 15 min. to collect the preci-
pitate . 
The pellet thus obtained by PEG and (NH4)2 S04 
precipitation will be dissolved separately in a suitable 
buffer and recentrifuged at 5,000 g for 5 min. supernatant 
thus obtained will be assayed on local lesion host. 
3. Further purification by density gradient centrifuqation -
The concentrated virus samples obtained by the 
methods described above will be subjected to further 
purification using density gradient centrifugation 
(Brakke, 1951, 1960). 
Linear sucrose gradient columns will be prepared by 
layering 7, 7, 7 and 4 ml of 0.1M phosphate buffer pH 7.0 
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having 400, 300, 200 and 100 mg sucrose per ml, respectively, 
in a 1x3" tube. The sucrose solutions of different concen-
trations will be layered using a pipette with a broad 
orifice. 
The heaviest solution will be layered first and the 
solutions of decreasing concentration will be layered on 
the top of each other. The column will be used after 
standing for 24 hrs. in a refrigerator .Usually 2 ml of the 
virus preparation will be floated on the top of the column 
and the column will be centrifuged immediately after 
floating the virus preparation to avoid droplet sedimen-
tation. The column will be centrifuged in SW-25.1 rotor in 
L3-50 preparative ultracentrifuge. The acceleration upto a 
few hundred rpm will be made gradually. The tubes will be 
centrifuged for 3-4 hours. After centrifugation the tubes 
will be examined in a dark room by projecting a beam of 
light down the tube from the top. The virus zone scattering 
the light will be removed from the tube by 20 guaze 10 cm lone 
needle bent twice at right angles and attached to a hypoder-
mic syringe. 
4. UV-Spectrophotometry -
Virus preparation will be examined in Backman DU-8 
model ultraviolet absorption spectrophotometer to evaluate 
different methods of purification and to ascertain the 
purity of virus isolated. 
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Ultraviolet radiations are absorbed in a characteristic 
manner by the virus (nucleoprotein) containing solutions. 
Absorbance of solutions will be studied in UV-range (230-320 nm) 
and graphs will be plotted. Values of A-max/min., A-280/260 and 
A-260/280 will be calculated to know the approximate percentage 
of nucleic acid. 
5. Electron microscopy : 
The shape and size of virus particles will be studied in 
transmission electron microscope. 
1 Leaf dip method : 
The method described by Brandes (1964) will be followed 
for leaf dip preparations. One drop each of 2% potassium 
phosphotungstic acid (PTA) and uranyl acetate will be placed 
separately on severalformvar coated copper grids having carbon 
backing. The freshly cut ends of infected leaves will be dipped 
in the drop of 2-4 seconds. Such grids will be allowed to dry 
for sometime and thereafter examined under electron microscope 
at various magnifications. 
2 Procedure with purified virus preparations -
A small drop of purified virus preparation will be placed 
on formvar coated copper grids having carbon backing,then a small 
drop of suitable stain (either PTA or uranyl acetate) will be 
added to the virus suspension. The excess fluid will be 
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absorbed with a small piece of filter paper having a very thin 
film of fluid on the grids, which will be dried at room 
temperature. Such grids will be examined under TEM. 
6. Serology : 
Specific antigen and antibody reaction is one of the 
useful techniques either by assigning the virus to a particular 
group or to differentiate it at the strain level. Antisera to 
the virus under consideration will be prepared for the identi-
fication of the virus as well as for testing the latent infections 
in certain hosts. Besides, it would also be useful for ascertainin 
the seed transmissible nature of the virus through routine sero-
logical methods or by enzyme linked immunosorbent assay (ELISA). 
6.1 ELISA test -
The double antibody sandwich ELISA (DAS-ELISA) test will 
be performed by the following method: 
a. Prepare a dilution of coating gamma globulin in carbonate 
buffer. 
b. Add 200 ul of diluted coating glubulin to each well of the 
microtitre plate. 
c. Cover plate with cling film and incubate for 2-4 hours at 
37°C. 
c. Discard well contents and wash by flooding wells with PBS 
containing 0.5 ml Tween 20 per litre (PBS-Tween). Adopt 
a standard washing procedure throughout the test flood 
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emplty wells with PBS-Tween and stand for 3 min. empty 
plate and shake dry, repeat three times. 
e. Add separate 200 pi aliquots of dilute test sample extract 
to pairs of wells using a hand pipette and discarding 
pipette tip between each sample. Samples should be extracted 
using a pestle and mortar and diluted in PBS-Tween containing 
2% PVP plus 0,2% ovalbumin. Each microtitre plate should 
also contain healthy and known infected control samples and 
wells filled with sample extraction buffer only. 
f. Cover with cling film and incubate overnight at 4 C in a 
refrigerator \ 
g. Wash plate following procedure outlines in (d) above. 
h. Add diluted enzyme-labelled gamma globulin, 200 ill per well, 
filling all the wells in the plate, 
i. Cover with cling film and incubate at 37°C for 3-6 hours, 
j. Wash plate following prescribed procedure. 
k. Add 300 ul aliquots of freshly prepared substrate (p-nitro-
phenyl phosphate 0.6 mg ml" ) to all wells. 
1. Incubate at room temperature until reactions have progressed 
sufficiently to allow visualization; usually 30 min will be 
adequate. 
m. Reactions will be stopped by adding 50 ul 3M NaOH to each 
well, whilst shaking the plate to mix. 
n. Assess results by visual estimation. 
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6.2 Raising of antisera 
Young healthy rabbits, approximately 3 lbs. in weight 
will be used for production of antisera. The purified or 
partially purified virus preparation, will be used as antigen. 
In view of the effect of route of injection on the 
formation of antibodies as well as titre of the antiserum, 
it is proposed to assess the effect of intravenous or 
intramuscular or a combination of both types of injections on 
the antiserum titre. 
The antigens will be administered intravenously through 
the marginal ear vein of the rabbit using a clinical syringe 
with a fine needle. Five to seven weekly injections of virus 
preparation of 2 ml each will be administered intravenously 
through the marginal vein of the ear. For intramuscular 
injections antigens will be emulsified with an equal volume 
of Freund's incomplete adjuvant. Two injections of the virus 
adjuvant mixture of 3 ml each at an interval of 2 weeks will 
be administered intramuscularly in thigh of the same rabbit 
which has been given intravenous injections of antigens. 
, Test bleedings will be made several times from the ear of 
the rabbit at different intervals after the administration 
of last intramuscular injections to check the antibody titre 
in serum. After the titre has reached its maximum, the 
immunized rabbits will be finally bled by giving a sharp 
incision on the marginal vein of the ear, which has not 
been used for injecting the antigen. About 10-15 ml of the 
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blood will be collected and allowed to clot at room 
temperature (20+5°C) for 2 hrs and kept overnight in a 
refrigerator. Serum containing antibodies (antiserum) wili 
thereafter be separated and centrifuged at 1000 rpm for 5 
minutes to remove fibrin, blood cells etc. The straw yellow 
coloured antiserum will be collected and stored for serologic; 
studies. 
To identify the virus under investigation upto group 
or strain level, the Ouchterlony' double diffusion test 
(Ouchterlony, 1962) will be performed. 
Ouchterlony double diffusion test : 
One percent agar will be prepared in 0.85% saline 
containing 0.1-0.2% sodium azide. Suitable amount of agar will 
be poured into sterilized petridishes so as to get a 2-3 mm 
thick agar bed. Using a cork borer of 5 mm diameter well 
will be removed by aspiration. The distance between two wells 
will be kept 5 mm apart. The central well will be filled with 
antiserum. The remaining wells will be loaded with various 
dilutions of antigens made in physiological saline (0.85/6 
Nad solution) and the clarified sap from healthy plant. 
Such treated petridishes will be incubated at room temperature 
and observed for the formation of precipitation lines. 
Precipitin test in tubes : 
Equal proportions of antisera and antigen after making 
2 fold dilutions in 0.85/b saline will be mixed together in 
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serological tubes (6x1 cm) and incubated at 37 C in a water 
bath. The formation of precipitate and its intensity will be 
observed using a magnifying lens. 
7. Isolation of nucleic acid : 
Phenol detergent method will be used to isolate the 
nucleic acid of viruses. To a 2.5 ml of purified virus 
preparation will be added 0.05 ml of 6% sodium dodecyl 
sulphate and 2,6 ml of water saturated phenol. The phenol 
used will be redistilled and stored at 10°C after adding 
distilled water. The mixture will be stirred for 10 minutes 
and then centrifuged for 5 minutes at 3,000 rpm in a 
clinical centrifuge. The mixture will separate into two 
layers, the upper aquous layer and the lower phenol layer 
containing sodium dodecyl sulphate. The top aqueous layer 
will be drawn with a pippette. To the lower phase 2.5 ml of 
0.1 M phosphate buffer pH 7.0 will be added and stirred 
for 10 minutes and then centrifuged for 5 minutes at 3,000 
rpm. The aqueous phase will be drawn off and pooled together 
with the aqueous phase obtained at previous step and stirred 
for 10 minutes with an equal volume of phenol followed by 
centrifugation. The aqueous phase will be extracted once 
more with half the volume of phenol. Traces of phenol will 
be removed from the aqueous phase by extraction with ether. 
The nucleic acid will be precipitated by the addition of 2 ml 
of ice-cold ethanol to the solution. The precipitate will be 
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pelleted out by centrifugation for 15 minutes at 7,500 rpm. 
The pellet will be suspended in 0.1M phosphate buffer pH 7.0 
and centrifuged for 15 minutes at 10,000 rpm to. remove an/ 
insoluble material present in the precipitation, and the 
supernatant thus obtained will be tested for infectivity and 
type (RNA or DNA) of the nucleic acid. 
7.1 Infectivity of viral nucleic acid : 
The infectivity of viral nucleic acid will be assessed 
by inoculating the nucleic acid preparation on local lesion 
host. Several dilutions of nucleic acid preparation will be 
made and inoculated on the local lesion host and the number 
of local lesions developed will be compared with the 
corresponding dilutions of the virus preparation. 
7.2 Type of nucleic acid : 
It is well known that RNA and DNA differ in their 
chemical composition with respect to the base and sugar 
involved in their composition. RNAs are known to contain 
ribose sugar and uracil base (other three bases being 
adenine, cytosine and guanine) while DNAs contain thymine 
and deoxyribose sugar. 
Thus, test will be performed to study the type of 
sugar. Diphenylamine test for deoxyribose or orcinol test 
for ribose sugar will be used for ascertaining the type of 
nucleic acid in virus under investigation. 
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8. Studies on proteins of the virions -
Attempts will be made, while using standard 
methods to determine the approximate molecular wieght of 
proteins associated with the virions. Western blotting 
will be used to study the proteins of the virions..' 
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